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Hucmumym aodepuvix uccneoosanui
PAH

HUUAD MT'Y, mapm 2009 a.
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UcTopusa,

coBpeémMmeHHOeé COCTOAHUE
U NNaHbI



BHO USIH PAH
- B.H. T'asp

(w3 nucobma B LUK KINCC, 1963 r.)

B nocnegHue roabl pa3Butve (pU3NKU arieMeHTapHbIX YacTuvl NpUBeno K BO3HUKHOBEHUIO HOBbIX
NnepcnekKTUBHbIX HanpaBfeHUU COBPEMEHHON HayKN — (PU3UKN HEUMTPUHO U HENTPUHHOMN acTPOPU3UKMI.
UccnepoBaHusa no ¢pusanke HEUTPUHO OTKPbIBAlOT COBEPLUEHHO HOBbIe BO3MOXXHOCTM B UCCNeAOBaHUU
CTPYKTYpPbl 3NIleMeHTapHbIX YacTul, NpUpoAbl Tak Ha3biBaeMbIiX CrabbiXx B3auMoAeucTBUU U ApYyrmx
BOMPOCOB A€ PHON (PU3NKMU.

BcneacteBue TOro, YTo HEMTPUHO Ype3BblYaNHO crlabo B3aumMoaenCcTBYHOT C BeLeCTBOM,
npoBeaeHne uccrnegoBaHun B o6nactm hUankn HEMTPUHO U HEUTPUHHOMN acTPOPU3IUKM BO3MOXKHO
TONbKO B YCNOBUAX HaAleXXHOro 3KpaHMpoBaHUs oT (hoHa, co3fgaBaeMoro KOCMUYeCKMMMU fiy4amu. 3T1o
AUKTYeT He0OX0AUMOCTb COOpPYXEeHUSA NOA3EeMHOWN CTaHLUMMU, 3aLiULLEeHHON CKanbHbIMU NOpoOAaMK
TosnwmHon okono 2000 m.

Hameuaemblie uccrnegoBaHus no ¢pusamke HEUMTPUHO U HEUMTPUHHOM acTpodusnke HeobxoaMmMo
NPOBOAUTb B YCKOPEHHOM TeMmne, NOCKOJIbKY Mbl 3Ha4YUTENIbHO oTCcTaemM B 3Ton oonactu ot CLUA. [lo cux
nop Takme nccrnenoBaHMsA He NPOBOAUNUCH, B TO BPpeMS KakK pa3Butue 3atom oonactu comsmnku B CLUA
Ha4anocb 10 net Ha3aa n ocobeHHO hopcupyeTca B nocrneaHue roabl. B yactHocTn, B Gnmnxaniuee
Bpems B CLLUA HauyHyTCSA 3KCNepUMEHTbl C UICNONIb30BaHUEM HEUTPUHO, 06pa3oBaHHbIX KOCMUYECKUMU
nyyamm B atmoccepe 3emnu, a Takke HeMTPUHO COJNTHe4YHoro npoucxoxaeHus. lNpeanaraemasn
Akapemuen Hayk CCCP nporpamma HeMTPUHHbIX UCCrefoBaHMM NO3BONUT 3a Gnuxkauwiuve 5-7 neT B
3Ha4YNTEsNIbHOM CTEeNeHN NNKBUANPOBATL Halle OTCTaBaHMe B 3TON o6nactu hUsuKu.

B cBs3u ¢ nanoxeHHbiMm Akagemusa Hayk CCCP npocuTt paccMoTpeTb npunaraemMbin NPOeKT
noctaHoBreHusi LK KINCC n Coseta MuHuctpos CCCP o pasButum nccrnegoBaHmm B oobnactm pusmnku
HEUTPUHO N HEUTPUHHOMN aCTPOCPU3NKUN U CTPOUTENBLCTBE C 3TON LEeNbI NOA3EMHON HEUTPUHHOW
CTaHLUuW.

MNMpe3npeHT Akagemun Hayk CCCP
akagemMuk M.B.Kenabiw



M.A. Mapkoe u b5.M. [lTonmekopeo na MexOyrhapooHoil KoHGeperyuu no puauke HelmpuHo
u Hetimpunnot acmpodguauke. bakcanckoe yweave, Yezem, 1977 2.




BHO MSI PAH

NMOCTAHOBJIEHUE
oT 19 nrona 1963 r., r. MockBa

O pa3BuTUN 3KCNepuUMeHTanbHbIX UccriefoBaHN B 00651aCT HEUTPUHHOU (PU3UKU

...AMeeTca OCHOBaHMe cYMTaTb, YTO UCMOSNIb30OBaHME U3BECTHbIX CBONCTB HEUTPUHO
HU3KUX 3HEPrvu No3BONUT NyTemM UccrieaoBaHMs HEUTPUHHOMN akTUBHOCTU CornHua
NoJIyYUTb NMPSAMbIE 3KCNEepUMeEHTarnbHble AaHHble O TepMOSAAepPHbIX Mpoueccax B ero
Heapax. [NlocToAaHHaa cnyx6a HeUMTPUMHHOW aKTUBHOCTU CoOsiHLA NO3BOJNIUT BbIAICHUTDL
BOMNPOCHLI, CBA3aHHbIE C XapaKTepoM AeATEeNIbHOCTU COSTHEYHOro AApa, a B AanbHeuLwemMm,
BO3MOX>XHO, MPOM3BOANTb AONITOBPEeMEHHOE NPOrHo3npoBaHue akTMBHoCcTU ConHua u
onpeaensieMbiX €0 YCNTOBUU B KOCMUYECKOM NMPOCTPaHCTBeE.

...A3y4yeHne HeMTPUHHbLIX NPOLLECCOB MOXET MPUBECTUN He TONbKO K NO3HAHUIO
ABNEeHNN, npoucxoaawmx B Heapax ConHua u Apyrux 3Be3a, He TONbKO K NONy4YeHuro
Ba)XHeuLwen nHcpopmaumm, HECOMOM K HaM U3 rMYOUNHHbIX 06s1acTeEn KOCMMUYECKOro
NPOCTPaAHCTBA, HO U K NO3HaHUIO NPUPOALI TaK Ha3biBaeMoro cnaboro B3ammoaencTBus,
peann3yemMoro B Takux MMKpPOOOacTAX NPOCTPAHCTBA, B KOTOPLIX YXKe MOXEeT CKa3aTbCH ee
CTPYKYPHOCTb.

MNMpe3ngeHt Akapemun Hayk CCCP
aKkageMukK M.B.Kenabiw



bakcan HauaJjca
B 1963 r., koraa

‘ (W)
i | I'eopruu 3anenun u

AJaekcanap Uyaaxkosn

HA4YaJI4 Ha0upaTb MOJIOABIX JIKO/Ieil, B OCHOBHOM BbINYCKHUKOB ¢u3zpaka MI'Y, nias
Pa3sBUTHS NPOrPaMMBbI IOA3EMHbIX UCCJIEI0BAHUN, KOTOPbIE¢ BKJIKYAKT: KOCMUYECKHe
JIy4M, aTMOC(epHbIe U COTHEYHbIE HEUTPUHO, HEUTPUHO OT CYIIEPHOBOM.



I'.T. 3anenun BIOpaJ ropy
AHabIpuM B bakcaHckoMm
yuiejbe Ha CeBepHom KaBkase.
IT0 OBLJI cCaMbIil YKOHOMUYHBIN

BAPUAHT M3 BCEX BO3MOKHbIX
IJIS CO3IaHUA MOA3€eMHOU
JJaboparopuu.
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BHO I/ISII/I PAH

- Fopa AHIII:I !

“Karpet-2”
EAS array

€ B EAS array
“Andyrchy”
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2
TeJIeCKOI
- JlazepHbiii nuTEpdepomeTp
- AKyCTHYeCKasi FPAaBHTAllHOHHAA aHTEHHA
- leopusnueckan Jadoparopus
- Fajummii-repManueBblii HETPUHHBIN TEJIECKOII
(SAGE)

- Jlns OyaAymux NpoeKToB

- YcraHoBKa “AHAbIpYN”




ITotok Mi0oHOB (cM2c!)

10-8 L

10°

4 2200

- 2 24 gm0

p. bakcan

1000

2000 3000 4000 M
PaccTosane oT BX0Ma,M

1,7 — Huzko¢donosas 1aboparopus %
2 - BakcaHCKHH MOA3eMHBI CIII/IHTHJIJISIIII/IOHH
TeJecKon

- JlazepHbiii nuTEpdepomeTp

- AKyCTHYeCKasi FPAaBHTAllHOHHAA aHTEHHA

- leopusnueckan Jadoparopus

- Fajummii-repManueBblii HETPUHHBIN TEJIECKOII
(SAGE)

% - Jlas OyaAymux nNpoeKToB

AN N AW

# - YceranoBka “Anabipun”
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v’ I'nybuna: 850 22/cm?
v’ Pazmep: 17x17x11m
v Kon-60 oemexkmopos: 3150
v’ Paszmep baka: 70%70%30cm
v' Temn cuema BIICT: 17 ¢!

/ Nseep)/lveuuz'. 10-7

s Heumpunnas ¢pusuxa

- H3mepeHnue nomoka MIOOHO8 OmM aAMMOCHEPHBIX
HeUMpUHO U3 HUNCHEU NoJycghepul U UCCIe008aHUE
83aUMOOELUCMBUL MIOOHO8 U HEUMPUHO C AOPAMU.

- Heumpunuvsie écniecku om spagumayuOHHO20 KOLLANCa

¢ @Du3uka Kocmuueckux ayueil

- U3yuenue cnexmpa nepeuyHblX KOCMUYECKUX Tyyell

- H3yuenue xumuyeckoeo cocmaga nepeudHo20
KOCMUYECKO20 U3JLYYEeHUs]

- W3mepenue anuzomponuu KOCMU4ECKUx Jayyeu

* Ix3omuka

- Tlouck maeHumHo20 MOHONOJIA

- Pecucmpayus ecnieckos 8vicoK0dHEpSUUHBIX MIOOHO8
(E > 200 [3B) 6 meuerue MOUWHbBIX COJIHEUHBIX BCNbIULEK



p, He, ...
OoOpasoBanue aTMOC(PEPHLIX HEUTPUHO




Baksan Underground Scintillator Telescope

It was really a large progress
because on this installation the
idea of the time of flight
technique to observe upgoing
neutrinos was first realized.
Success was achieved and the
first measurements of neutrino
induced upgoing muons were
made using this telescope. The
first upgoing muon from
neutrino was registered 31years
ago on 13.12.1978, and it came
from Chili.

BUST and other installations
observed neutrinos from
supernovae 1987A. BUST has
now the largest live time of search
of neutrinos from burst of M
supernovae - almost 20 years.

Anode -
fZth dinode
5th dinode
PMT

300
mim

700
mim
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Oscillations No oscillations
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Ludmila Volkova

ICT noarBepan aHOMAJIHUIO YIJIOBOIO
pacnpeaejieHUs: HAYLIEro CHU3Y NMOTOKA
MIOOHOB, IPOMCXOASIIYI0 M3-32 OCHULJISIUH.

JIroaMmuiia BosikoBa npu3HaHa oqHEM U3 JYYIITHX
IKCIEPTOB B 3TOM 00acTH. E10 mpoBeaeHbl pacuersbl
IMOTOKOB MIOOHOB KOCMMYECKHUX Jydeill 1 aTMOC(epHbIX
HEUTPUHO, UX CBOMCTBA PACCMOTPEHBI B IIMPOKOM
AMANA30He JHEPIruu ¢ Y4eTOM BCeX JOCTYIMHbIX JAHHbIX U3
IKCIHEPUMEHTOB C YCKOPUTEJAAMHU U KOCMHUYCCKHUX JIyUYeH.



Baksan Underground Scmtlllator T elescope

S 3T0 3HAYHTEIbHBIR BKJIA/ BalccaHa B
s QU3MKY COJIHEUHBIX HEHTPHHO.

)| Ilpuaer Bpems, KOraia MEHPOBOE HAYYHOE
| CO00IECTBO OLIEHHUT IO JOCTOHHCTBY
HCTHUHHYIO 3HAYHMOCTh HX BKJIAJA.




Oubra Psiskckasi pyKOBOAMT €
POCCUNCKON CTOPOHBI pad0TOH
n3Bectnou Mrtano-Poccunnckon
| kosr1abopammu LVD.

HiieH-KOppPeCIOHIEHT




I'puropui
Jlomoraukui

P

I'puropuu /lomoraukui rak:ke u3 bakcanckoii KoMaHAbI, KTO
HAYMHAJ padoTaTh HAJ MPO0JeMOH COJTHEYHbIX HeUTpuHO. Ero
padoThI 1O pacyueTry cedyeHUuil B3auMOAeCTBUA U PACCMOTPEHHE
Pa3JIM4YHBIX CIIOCO0OB AeTEKTUPOBAHUA COJHEYHbIX HEHTPUHO
0Ka3aJ1M CUJIbHOE BJIHMSIHUGQ HA HALLY JIeATeJIbHOCTh TOTO '
BpemeHu. C RONTropuii JloMorang@snw KOBOIUTE/Ib
bakajbCk UHHOM| 00cepBaTO )YKOBOAUTEb

JaboparToyg ;r HHHGI{|IcTPOdM: ICOKHX YHEpPrui
" T Poc*u

e Jit CKOI} ' HayK.

An®
\
N = */J’ LB
'.,"t""' - -"‘,‘_'1 <y 1!

— e -
._‘-‘h" d"::.k " . j




HHI/I}I(DMFY
Map 92. %‘

Bagum Ky3bMuH

] 71
Kouzmine, 1965 Tiz =11,43d

Decay Scheme of Cr-51

S1Cr (27,7 days) Baaum Ky3bMMH - u3BecTHBII B

MHUpPeE TCOPETUK, YICH-KOPPECIOHACHT

EC Poccuiickoii Axkagemun Hayk. B 1965 r.,

Oyayuu acnupanrToM I'.T. 3anenuna, on

747 KeV v (81,6%) MPENLT0KHII PATHOXHMHYECKHI

752 KeV V (8,5%) TraJIJIMEBbIN JI€TEKTOP U UCKYCCTBEHHbI
SICr meToOYHMK HelTPHHO /ISl ero
KaJuOpPOBKHU.

\ |I "'I\'II'.I'II'I'II'I 1 | f | | \
| i W) NN 2N
WEH RGN WAL PRI |.m.:§d&.‘

427 KeV v (9,0%)
432KeV v (0,9%)

320 KeV y

51V



Agexkcanap Iomanckuii
(B HEHTpE) CO CBOEH I'PYIIION

HU3KO(OHOBBIX UCCJICIOBAHMIA:
(cyieBa HampaBo)

AJdekcanap Kiunmenko
Cepreit OceTpoB
Bajsiepuiit Ky3bMuHosn
AHaTouid CMOJILHUKOB
Cepreii Bacuiben

Adaexcanap Ilomanckuu
3HAYMTEJIBbHYIO YACTh CBOECH KM3HM MOCBATUJI BaKCaHCKOU HeMTPUHHOU
o0cepBaTropuu. OH ObLI 00JbIIMM ATPHOTOM HelTpUHHOU OOcepBaTOpUM U
OBbLJI MEPBbIM, KTO HAYAaJI BeCTH HAYYHYI0 padoTy HAa BakcaHe u co3aa
HU3KO(OHOBYIO JIA00OPATOPHIO 110 UCCIIETOBAHUIO PEAKUX MPOLIECCOB. ITA
rpyIia cemvyac Xopouio u3BeCTHA CBOMMH Pad0TaMHu 1O MOUCKY ABOMHOI0 0era
pacnaga u TEeMHON MaTepPUH.

Ml 0s1aronapusl Asiekcanapy IlomanckomMy 3a ero orpoMHbIe YCHJIUS B
coznanuu O0cepBaTopum.



NcmoYHUKU HeUmpPUHO MemoOdbI pecucmpayuu
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Gallium solar neutrino
experiments



UcTopunueckas cnpaBka

1930 B. IIayau noctynupoBan CylleCTBOBaHNE HEMTPAJbHON YaCTHIbI MAJIOH MACChI KaK “ BbIXOJ U3
cjaoxkuBIeiicsa cutyauuu” (“a desperate way out”).

1934 3. ®epmu HazBaja yactuny Ilayau "neiitpuno' . [Ipencras/ieHne 0 HEMTPUHO B TeopuM P-pacmnaga, KOTOPYIO
ro/IoM mo3:ke passuj ®epmu, 0Ka3aJ10Ch HACTOJIBKO II0I0TBOPHBIM, YTO HEHTPUHO YBEPEHHO ObLII0 BHECEHO B
YHCJI0 3JIeMEHTAPHBIX YaCTHIL 32/10JIT0 10 TOr0, KAK OHO ObLJIO OTKBITO.

Hayau: “I have invented something that cannot be detected”
(Ouesuono, umo on HeOOOUEHUI U300PEeMamenbHOCHb IKCREPUMEHMAMOPOE.)

1946 IloHTeKkopBO MOKa3aJj, 4To “observation of neutrinos in not out of question” u npeaI0KHJI A5
~r , .
AEeTEeKTHUPOBAHUS HEHTPUHO UCII0JIB30BATH “inverse beta process” : v+ (AZ) > e HA,Z+1)

OH npeasioKui1 B KauecTBe HCTOYHUKOB v CosiHue u peakrTop. (“The neutrinos emitted by the sun, however, are not
very energetic”).
Cpenu Bo3MokHBIX MuIneHeii ¥’Cl paccmarpuBaics kak HauooJsiee MHoroooemarouuii: 3’Cl + v — 37Ar + e
IToHTEeKOPBO MPEAJIOKU UCI0JIb30BATH MUHUATIOPHbIN HU3KO(POHOBBIM CYETYUK BHICOKOI0 YCUICHMS.
JTH JIBe ero ujeu CTAJIM OCHOBOI BceX PaIMOXHUMHYECKUX IKCIIEPUMEHTOB.
B TounocTi onm OyayT ocymectBiaeHsl P. leBucom.

1956 @. Paiinec u K. Koyen peructpupyror v ot Savannah River peakropa p(v ,e")n.

1960°s P»3ii JleBuc crpont XJIOPHBIi 1€TEKTOP IS H3MePEeHHs CKOPOCTH o0pa3oBanusi B peaknuu >’ Cl(v,e)’’Ar

Jxon bakana cozgaer CCM m npeackaszanmne NOTOKOB v “...to see into the interior of a star and thus verify
directly the hypothesis of nuclear energy generation in stars...”

1965 B. Ky3pbMHH NpeaioKui HCNO0Ib30BaTh peaknuio ''Ga(v,e’)’'Ge Il AeTEKTOPa COJTHEYHBIX V 1
HCKycCcTBeHHBIH S'Cr HCTOYHHK HEHTPHHO /1JIsl €r0 KaJInOPOBKH.
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For a main-sequence
star, high mass means L

high luminosity...
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...while low mass
means low luminosity.
| | | | | | | | |
0.1 0.2 0.5 1 4 5 10 20 50

Mass (M) —»

The Sun
is a main-sequence star
at stage of stable
hydrogen burning
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The Sun’s Source of Energy
4p—a + 2e* + 2v,

CNO cycle PP chain
ptppH+e +v, ||pte+pH+v,
-
12C+p 51BN +y » BN -13C + et + v, 2H+p —>3He +y

v v
15N + p 12C + 13 V.14
PP iR N He +°He »>*He + 2p ||| *He +p sa + e + v,

h 4

0 N +e*+ v, “N + p 2,150 + Y *He + o —>"Be +y
. v | v
v
BN +p -0 +y 70 + p £ 1N +(CH Be + e >7Li +y +v, Be + p -8B + 7y
v

y

v
10 +p S1F +y TF 5170 + et + v, Li+p>a+a SB>2a+et+v,

von Weizacker, H. Bethe, Crichtfield, 1938.



Bpemsa npoxoxaeHus
U3 LieHTpa A0 NOBEPXHOCTH:

6000°

TennoBas 3Heprus —
~ 10 MIH. neTt

DOTOHbI -
~ 10 TbIC. NneT

JHepreTU4ecKuu
NOTOK

Typbyne
KOHBEKLMSA

HeuTpuHo -
8 MUHYT
no 3eMmnu

TemnepaTtypa

FeHepauusa aHeprum

4p + 2¢” —

=2-1033 r/em?®

rHocTh sapa (1/4 Ry)
b = 20-158 r/cm?

4p — ‘He + 2e* + 2v,

‘He + 2v_+26.73MeV - E_

dFlux/d(R/Ro)

6-10' (cm? -cex)™!

IlllilllTl'lllilllllll

Neutrino Production

versus Radius

PP

« hep

L L 1 1 1 =
15 C 2 25 3

(R/Ro)

coe b
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Kak nposepumsb
meopuro?

Neutrinos are the spy
of nuclear fusion in the Sun
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v, +3Cl1 >

Homestake d
1478 m deep,
steel tank, 6.1
615 tons of te
(C2C14), 2.16 X

Homestake Radiochemical experiment

Solar neutrino problem
was born

\kota, USA)
2 day-l
(6x10° liters)

tons)




IloTOKM HEHTPHHO U CKOPOCTH COOBITHII B XJIOPHOM M Ira/IMEBBIX COJTHEYHBIX
HelTPUHHBIX IKCIIepUMeEHTAaX, npeackazanHblie bakajgom, Pinsonneault u

Basu.

BP2000 [9]
Peakuust Cokp. Iorok (cm-2cex-1) Cl (SNU*) Ga (SNU?*)
pp-> de* v pp 5.95 (1.00 +0.01/-0.01) x 1010 --- 69.7
pep -> dv pep 1.40 (1.00 + 0.015/-0.015) x 108 0.22 2.8
SHe p ->4He e*v hep 9.3 x 103 0.04 0.1
‘Be e ->7Liv +(y) "Be 4.77 (1.00+0.10/-0.10) 1.15 34.2
8B -> 8Be*e*v 8B 5.05 (1.00+0.20/-0.16) x 106 5.76 12.1
BN -> 13C e* v 3N 5.48 (1.00+0.21/-0.17) x 108 0.09 3.4
150 -> 15N et v 150 4.80 (1.00+0.25/-0.19) x 108 0.33 5.5
T7F ->170 etV l7F 5.63(1.00+0.25/-0.25) x 106 0.0 0.1
Bcero 7.6+1.3/-1.1 12849 /-7

*1 SNU (Coumneunast Helitpunnas Exunnna) = 10736 3axpaTos Ha aToMm B ceKyHay



Neutrini Flux (cm2s™)
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SuperK, SNO (6,5 I’\II:;B)I -
Kamiokande Il (7,5 MaB) >

C1 (0,81 MaB)

Ga (0,23 MaB) !
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Neutrino Energy (MeV)

* 1 SNU =1 interaction/sec in a target that contains

10%¢ atoms of the neutrino absorbing isotope.

LOW THRESHOLD:
233 keV

SENSITIVE TO
DOMINANT p-p NEUTRINOS

SSM PREDICTIONS:

BAHCALL-PINSONNEAULT:
128 +9 / -7 SNU (lo)

p-p NEUTRINOS CONTRIBUTE
70 SNU (54%) OF THE RATE

IF ONE ASSUMES ONLY THAT THE
SUN IS INTHERMAL EQUILIBRIUM,
THEN THE MINIMUM RATE IN A
GALLIUM EXPERIMENT IS 79 SNU.




Neutrini Flux (cm2s™)

Ga (0,23 MaB) '
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Kamiokande Il (7,5 MaB) | e
C1 (0,81 MaB)
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Bahcall-Pinsoneault

'
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1
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lIII]II 1

1 10
Neutrino Energy (MeV)

* 1 SNU =1 interaction/sec in a target that contains
10°® atoms of the neutrino absorbing isotope.

the gallium to detect low-energy
neutrino was proposed, the
gallium experiment was not
practical because the world
production of gallium was only
about 100 kg per year, whereas a
mass of approximately 50 tons
was required to produce 1-2
atoms per day of product isotope

After first results of Davis
chlorine experiment the interest
to low-energy part of solar
neutrino flux has arisen.

Chlorine
Capture Rate

- 2,55+025
SNU
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From p decay to solar neutrno
1986 - 1995

vite — vte

samiokande L Kamiokande-II Detector

*’)___._\-.I;..._L

Air > Rocks

upgrade :

* hermetic, live anticounter

» water purification system N

* multi-hit time and charge
measurements



Solar Neutrinos Spectrum

1012 ¢

1on |
10102
10*2
10'!;
107 -~

106 L

Flux (cm=2 s71)

105 [
104
103 F

102 ¢

101 [ : : B —
0.1 1 10
Neutrino Energy in MeV

d Paradox:
R, = meaewed =(0.48+0.08 R, (*B+7Be) — R, (*B) ~0

O predicted (~15%)




SuperK
(Japan)

1996




Super-Kamiokande experime
(1996) 3000 tc gg,,, rMate
0 ged L T UUUF
O G6i{sES - = (-] $
‘ % U = )wg f
@ : | _
- e a0 Super-Kamiokande-| solar neutrino data
- !'..;:-f‘um | May 31, 1996 — July 13, 2001 (1496 days )

- ™
5-20 MeV

44
Evant/day/bin
[ ]
—_

v+te 2> v+e
fi .
R 1322 !
1 | 1
3% [ 22400+230 solar v events ]
(14.5 events/day) -
u 1 M 1 ' T T TR S TR T 1 . 1 . 1
-1.0 -0.5 00 05 sl
°B flux : 2.35+0.02 £ 0.08 [x10° fem?/sec]
Pgd Data B +0.014

{ Data/SSM(BP2000) = 0.465 +£0.005 +0.016/-0.015 )



Schedule for Future

£

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

t

Accident

DAQ stop: November 2005 ~ March 2006

ID PMT: SK-ll = ~5200
Original energy & vertex resolutions for low-energy events

—

S

11146 (same as SK-I)

T

SK full

reconstruction (plan

:> Precise study on spectrum distortion in SK-lI

Solar neutrinos below 5.0MeV with improved analysis tools
and lower Rn backgrounds




The Laboratory research to develop a gallium experiment began
approximately in 1975. In the United States this work took place at
Brookhaven National Laboratory under direction of Ray Davis with
participation of J.Bahcall, B.Cleveland, C.Evans, G.Friedlander, K.Rowley,
R.Stoener from Brookhaven, and W.Frati, K.LLande from the University of
Pennsylvania.

This group has chosen method with
gallium chloride solution.

Methods of counting a few atoms of
1Ge were developed, the production
rates of "'Ge by the various possible
background processes (initiated by
cosmic-ray muons, alpha particles
from internal radioactive impurities,
and external fast neutrons)
were measured, and a pilot
experiment with 1.3 tons of gallium
was carried out.
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Mapyz2089.

Verification of the law of conservation of electric charge

In the Soviet Union at the
Institute for Nuclear Research
we began a laboratory research
to develop gallium experiment
about the same time in 1975
using gallium chloride solution.

But when we understood that
our industry can not provide
necessary purity in 50 tons of

|. R. Barabanov, E. P. Veretenkin, V. N. Gavrin, Yu. |. Zakharov, G. (
T. Zatsepin, G. Ya. Novikova, |. V. Orekhov, and M. |. Churmaeva
Institute of Nuclear Studies, USSR Academy of Sciences

(Submitted 22 June 1980)
Pis’'ma Zh. Eksp. Teor. Fiz. 32, No. 5, 384-386 (5 September 1980)

A search for the "'Ga—"'Ge + y decay was undertaken to investigate the law of
conservation of electric charge. An upper limit of 7>2.3 X 10** yr was determined
for the lifetime of Ga.

PACS numbers: 11.30.Er, 23.90. + w, 27.50. + e

gallium chloride solution, and taking into account that metallic gallium is
significantly less sensitive to radioactive impurities, we changed gallium solution
for gallium metal. We used Davis’ idea and independently developed technology
of extraction minute quantities of 71Ge from many tons of metallic gallium.

New government Decree about production of 60 tons of gallium of high purity
was specially issued to provide our gallium experiment with gallium metal. By
this, gallium had to have a status of Statesreserve and the INR had to be

responsible for its safety.
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In 198S the pilot installation with
7.5 tons of metallic gallium was k= o
constructed in Troitsk. b, = :

In 1986 after consideration and
discussions SAGE Collaboration |
agreements was signed and Viktor
Matveev said: “Welcome!”
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aboration
Measurement of the Solar Neutrino Capture Rate with
gallium metal

J.N.Abdurashitov, V.N.Gavrin*, S.V.Girin, V.V.Gorbachev, P.P.Gurkina,
T.V.lbragimova, A.V.Kalikhov, N.G.Khairnasov, T.V. Knodel, |.N.Mirmov, A.A.Shikhin,
E.P.Veretenkin, V.M.Vermul, V.E.Yants, and G.T.Zatsepin*

Institute for Nuclear Research, Russian Academy of Sciences, 117312 Moscow, Russia

M.L. Cherry

Louisiana State University, Baton Rouge, Louisiana 70803

T.J. Bowles*, W.A. Teasdale and D.L. Wark
Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA

J.S.Nico
National Institute of Standards and Technology, Stop 8461, Gaithersburg, Maryland 20899, USA

B.T. Cleveland, S.R. Elliott, and J.F. Wilkerson*
University of Washington, Seattle, Washington 98195, USA

K. Lande, R. Davis, Jr., P. Wildenhain

Department of Physics and Astronomy, University of Pennsylvania
Philadelphia, PA, 19104, USA

* - Principal Investigators
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NHKEeHEePHO-TeXHUYECKHE XapaKTePUCTUKHI
JlabopaTopuu

Cxema noji3eMHbIX BbIpaboToK nadoparopuu I'THT.
1,2,5,7,8 — BcmoMoraTteJibHbIC IIOMCIICHUS;

3 — IIOMEMIECHUE AIICKTPONOACTAHIINY;

4 — MoMeIeHNE KOHAUIIMOHEDA;

6 — peaktopubii 3a1 [ THT



DOoHOBBbIE XaPAKTEPUCTUKH J1a00PaATOPHH
M100HbI KOCMMYECKHX JIy4Yen

PacueTHas BenmuurHa 1100 IbHOTO MOTOKA MHTEHCUBHOCTH MIOOHOB B MECTE PACIIOI0KEHHMS
: - 107 (cm2e -1
naboparopuu I'THT cocraBuna: N .., = (2.7 £1.3)'107 (cm*-cek)

W3mepenHasi, riodanbHass HHTEHCUBHOCTh MIOOHOB B MecTe pacroioxenus [THT:
N, = (3.03 £0.10):10” (cm?*-cex)’!
bbICTpBIC HEUTPOHBI OT F'OPHLIX MOPOJ
E o-4yacTHUBI +JIerKue sJapa,

JeJieHHe ypaHa 1.5 neiiTpon cyrlcm2
~ 1770
r (I)En>6M3B 1-7%
E  @oH OT OBICTPBIX HEHTPOHOB <1%

Hu3sko(ponoBbie 0€TOHDBI

Conepxkanue paIuoOaKTUBHBIX YcpenHeHHbIE 3HAYCHHS IPUMecCel YpaHa 1
3JICMEHTOB B OKPY KA IIUX Topusi B 0etone LIHUUJI Oprupoexkra
JIa00OPATOPHIO TOPHBIX MOPOAAX copmecTHOro ¢ USIM AH CCCP na ocHoBe
JAYHUTA, KBAPLEBOI'0 MeCKa U MOPTJIAHALEMEHTA
238U — (1.5-3.8)-10° /T, 1.58:10’rU/r m

32Th — (1.9-2.5)-10-5 r/r 6.73-107r Th /r.
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bbICTpbIe HEUTPOHBI OT TOPHBIX MOPO

N3Mmepenusi, BLINOJHEHHbIE € N3mepenusi, BbINOJHEHHbIE €
PaaAMOXMMHUYECKHM JeTEKTOPOM JHE€TEKTOPOM pPeaJibHOIr0 BpeMEeHM:

Niryr = (6.28%2.20)-10-% HeUTPOH-(cMm*ceK)!, N__ < 1.4:107 HeUTPOH:(CM2-ceK)’,
Nyr= (5.20%0.6)-10-7 HeMTPOH-(cm?*-cek) ! N, .= (7.2%1.5)107 HeUTPOH:(CM2-CeK)!

KpaTHOCTb ocnabneHus noTtoka
ObICTPbIX HENTPOHOB — 8 (>3 MaB);
KpaTtHoCcTb ocnabneHus y-poHa — 15-16 pa3 (0.2+3.2 MaB).



*Energy range: 1-15 MeV

*Detection efficiency:
0.11+0.01 (E_>1 MeV)

*Energy resolution: ~60%
*Scintillator volume: 30 1
*Sizes: @36%x36 cm?
*Mass: 50 kg

Sensitivity: 106107 n-cm2-s"!

(1.0-11.0 Energy range, for £.=0.11+0.01)

Internal background of the detector 6.512.1
(H,O + Borated Polyethylene shield)

Surrounding mine rock (at 4800 m.w.e.) 7.312.4
SAGE main room <14




Ga(v, ¢)'Ge, E;, =233 keV

168 panos (uB.1990 — Iex.2007) : 65.4™*, SNU

ILian pacnosioxkenus peakropos I'THT

- 250 mkr Hocutes Ge-76/72 pacnpenessieTcsi Me:K1y peakTopamMmu
- Bpems 3kcno3unuu ~ 27 jaHei
- Xumuueckoe u3pjedenne ''Ge nuz Merajuanmdeckoro Ga
B BOJIHBII pacTBOp ~ 1.5m°
- Konnenrpamust Ge B 50 cM® 0e3TpuTEBOIi BOABI
- Cunre3s monorepmana — GeH,
- Perucrpanust pacnagoB "'Ge
YyBCTBUTEIbHOCTD:

onuH atom "1Ge B 5x10?° at. Ga ¢ 3¢ dexTuBHOCTBIO ~ 90%

Mixer motor

oo o ik o' 4o 1ha' tka' tho' ki
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Cucrema perucrpauuu

@ Cuerunknu YCTaHaABJINBAKOTCHA B CUCTEMY pPErucTrpanmuvu.

@ CnenuajabHo 000pyI0BAHHASI KOMHATA.
CTeHbl KOMHATBI:
— 0eToH H.¢. 70 cm;
— cTaJab 1 cm;
— OLMHKOBaHHOE KeJie30 1 mm.

@ IlaccuBHas 3ammTa:
’Kej1e30, CBHHeEL, MeIb U BoJIb(pam.

@ BHyTpu naccHBHOM 3aIIMTHI CYETYHKH MOMEIAKTCH B
KoJsoaen kpucraaia Nal nerekropa akTUBHOM 3aLUTHI.

OnnoBpeMeHHO B Kosoane Nal moxkeT ObITH pasMeleHo
8 cueTunkoB

PaboTa cueTHOM CHCTEMbI MOkKET OCYIIECTBJIATHCS B Pe:KUMAaX: cOopa cOObITUN U KAJIUOPOBKH.

Jist Kama0ro coObITHSI B peskuMe c00pa perucTpUpPYrOTCS:
HOMeEP CYETHOI'0 KaHAJIa, JHEPIus, BeJUYMHA aMILUTUTY/AbI NPoau(pPpepeHIMPOBAHHOIO
HMILYJIbCA, BpeMs MPUX0/a COOBLITHS, JHEPIUsl U BPeMsl COBIIA/ICHUS ¢ CUTHAJIOM B kaHaJjie Nal,
ABe oumudpoBaHHbIe (POPMBI UMITYJIHCOB.



Cxopocth oopa3oBanus ''Ge :

K03()(puIMEeHT MepeBoaa CKOPOCTH 3aXBATA COJIHEeYHbIX HeHTpUHO rajuinemM (SNU) B ckopocTh 00pa3oBaHusi

aTtomoB "'Ge B MHUIIIEHH:
2.977-10* (atromoB "'Ge /(1 SNU-1 aenn-1 T rasausi)) X SNU % 50 T raqnust (aTomoB "'Ge B ¢yT.)

CCM g Ga 129 SNU
— s 50 T Ga ckopocTh 3axBata p = 1.92 cyr’!

_P A6 .
3a BpeMs dKCHO3uImH O B Mutrenn oopasyercss [N = (1 —e ) atoMoB 'Ge

[Tpu 0 = 25 cyT. oxkmaaeMoe 4ucio aToMoB N=25
H3mepenHas ckopocth 3axBaTa 65 SNU, T.e. N=12

OhPEKTUBHOCTHU:
XUMUYeckue npouenypel €., - 0.92
O0TOOp UMITYJIBCOB €eqzy - 0.70
KHABOE BpEMS CUETA A - 0.80
e =1Ilg ~0.52

Hucsio perucTtpupyeMbiX UMIYJIbCOB N-€ ~ 7
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Cuer pacnnaaos
[IponopyoHaIbHbIE CYETUYUKHI
V~0.6 cm3, Xe+10% GeH,, P~1 atm

Cuér — 5 mecsaueB (T,,=11.43 cyTt [W. Hampel and L. Remsberg, Phys. Rev. C 31, 666 ~1985].)
~2 umi/cyT — 300 umiyabcoB B 1 paHe

OT1OOp COOBITHIA:
1) Nal (x2/3)
2) sHepreruyeckue okHa K- u L-iukoB (x 1/3)
3) Ty (x1/3)

ITocne or6opa ocraércs 15-20 coObITHi
Yucno pacmanos ’'Ge onpenensercs BpeMeHHbIM aHamn30M (N~7)

1

[IyaccoHOBCKAsl CTaTUCTHKA: oll=— ~40%

N

[Ipu HEHyTIEeBOM (POHE HEOMPEAETEHHOCTD : O ~ 1.5:011 ~ 60 %






SAGE
sHBapb 1990 — nexadpsn 2007

168 panos, 310 separate counting sets

65.4 *).(crar) 73 (cuct) SNU
65.4 *;) SNU

L 67.2%% SNU K 64.07;, SNU



IHony4yeHHBIH U3 ANMIPOKCUMALMHA MEPUOJ MOJaypacnaaa s Bcex oroopannbix B L- n K-nukax
coObiTHi - 11.5 £ 0.9 (cTar.) AHA, YTO XOPOLIO COIJIACYETCSH C U3MEPEHHOM B (W. Hampel and L. Remsberg, Phys.

Rev. C 31 1985) BeauuuHou 11.43 = 0.03 gus.

0.040

i
o
AV
o

Events/(day 0.5 keV 2 ns)

PacnipenesieHue cOObBITUM M0 SJHEPIrMHM U BPEMEHH
HapacTaHUA UMIIYJIbCOB VI 77 COJTHEYHbIX
panoB. Ilonoxenue L- u K-mukoB 7'Ge,
OIIpeIeIICHHOE 1O KaTnOpoBKaM >>Fe, oka3aHo
TEMHBIM 1IBETOM.

Bepxusis nanens: KomOuHamus GOHOBBIX COOBITHI
U coObITHil OT '1Ge, 3aperucTpupoOBaHHBIX B
TeueHue nepBbix 30 JHEUW cueTa MoCye U3BJICUYCHUS.
JKusoe Bpems cueta 1999.8 nHeln, NOIHOE YHACIO
coObITHi - 2063. 427 COOBITUI HAXOAUTCS B
obsiactu L-niuka u 287 coObiTuii — B 00nactu K-
MYKa.

HwxHsdg maHenb:  Ta )Ke ructorpaMmma Jjisi BCex
COOBITHH, 3aperucTpupoBaHHbIX yepe3 100 guen
cyeTa IMocJie U3BJICYEHUSI, 32 TAKOW YK€ MHTEpBa
’KWBOTO BPEMEHM KaK U Ha BEPXHEW MaHeJH, MOJIHOE
yuciao coObIThil — 1545. 226 cOOBITHN HaXOIUTCS B
obnactu L-niuka u 94 coObiThs — B obsactu K-nuka.



T (PU3UKN BLICOKUX SHEPrun

B.H.'aBpuH

AU PAH

GALLEX: T'AJl/TueBsblii JKCnepumeHT
Honzemuas sadoparopus I'pan Cacco, Uranus,
ToJmuHA ropHbIX mopoa: 3300 m.B.»3.

30.3 Tonn rajuausi B 101 Tonne pacrBopa xjopuaa
rajaans (GaCl; - HCI)

Ha6op nanubix: Maii 1991-fIuB. 1997, 65 panos
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GNO: T'annueBas Heiitpuanasi O6cepBaTopus
Ipeemauxk GALLEX, GNO: 30.3 TonH ramuius
Haoop nanubix: Maii 1998 — Anp. 2003, 58 panos
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Ga-aKkcnepmMeHTbl
NGa(v,, )"'Ge, E, =233 keV
N3mepenue CKOPOCTH 3aXBaTa COJTHEYHbIX HEMTPUHO

- HA Meémalyiud4eCKkom caiyiuu.

SAGE, 50 ronn meraanngeckoro 'Ga +4.0
168 panos 3a 18-1eruuii nepuos (dus 1990 — ek 2007) patot pesyisrar: 05.4 4.1 SNU

(1 SNU = 1 3axBaT HEUTPUHO/CEK B MUIIICHH, cojiepkariei 103¢ aToMOB HEHTPHHO MOTJIOMIAOIIETO H30TOIIA).

Xopoliee corinacue Mexay pesyiabratamu Ga IKCInepuMeHTOB
YBEJIIMYUBAET IOCTOBEPHOCTH MOJy4aeMBbIX PE3YyJIbTaTOB. DTO ObLIa
3aMeyaTeIbHasl CUTyallusl, YTO B TCUCHUE HECKOJIBKUX JIET CYIIECTBOBAIIM
nBa Ga skcniepumenTa, SAGE n GALLEX/GNO, koTopble Belu HaOop
JTAHHBIX B OJTHO U TO K€ BpEMs W ACHCTBUTEIBHO 3aCITY>KUBAET OOJIBIIIOTO
coxkajieHus ToT (akT, uto 3kcnepuMeHT GNO ObLT OCTaHOBJIEH IO
HEHAyYHBIM [IPUYHHAM.

CpeaHeB3BellleHHAsI BeJIMYUHA Pe3yJIbTATOB BCEX
Ga 3KCcnepruMeHTOB COCTABANIET B HACTOS BpeMs

66.1+3.1 SNU
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Ga sxcnnepmuMeHTEI:

- «have given a great impact upon a view of neutrino oscillation and have supplied
most important motivation for creation of SNO

* 1990 - SAGE shows greatly suppressed Ga rate
* 1990 - Start of construction of SNO»

(David Sinclair, May 2007)

* BepBble Nokasanu, YTo NoAaBnALLast YaCTb CONMHEYHbIX HEUTPUHO,
AocTUrarLwmx 3emMrnm, 3TO HU3KOSHEePreTU4YeCKMe HEMTPUHO OT PP peakLmnn

* NokasbIBalOT OT/INYHOE COorfiacne Mexay Teopuen n akcnepumeHTom. bonee Toro,
TOYHOCTb U3MEPEHNN B SKCNEPUMEHTE OOCTUINA TOYHOCTU TEOPETUYECKNX
npeackasaHnn

* B HacTosLee BpemMs obecnevymBaloT eANHCTBEHHOE NPAMOE U3MEPEHNE CKOPOCTY
pp peakuuu

* pa3Bun TEXHOSOMMIO U3roTOBITIEHUS UHTEHCUBHbBIX UCKYCCTBEHHbIX MCTOYHUKOB
HEUTPUHO — naeanbHOro MHCTPYMEHTA A KannbpoBKU AETEKTOPOB COSTHEYHbIX
HEUTPUHO HU3KUX SHEPTUN, N KOTOPbIE TaKKe MOryT BbITb MCNOMb30BaHbI A4
nccrengoBaHmMs CBOUCTB HEUTPUHO



Sudbury Neutrino Observatory ¢2001r

2092m underground (6010m

water equivalent)

1000t of heavy water on loan from
AECL in 12m diameter acrylic

vessel surrounded by light water

9465 Hamamatsu PMTs (60%
coverage)

In phase II (Salt phase) 2000kg of
Na(l dissolved in DO

| Currently in phase III (NCD
phase) “He Counters in D3O

Recent SNO Results And The Final SNO Phase — p.2/21



Solar Neutrino Energy Spectrum

1012 : —— : R
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Neutrino Energy in MeV

O energy threshold for salt phase 5.5MeV

O is sensitive to °B neutrinos

Recent SNO Results And The Final SNO Phase — p.3/21



Deuteron

Deuteron

SNO is sensitive to

B Neutral current reactions with
any neutrino flavour

vD-->p+n+yv

B Charged current reactions with
electron neutrinos

Voet+D -->p+p+e

m Elastic scattering with predominantly

Ve

v+e -->v+e



s Flavor change
68% C.L

== s L. )
determined by > 7 .
| —— §L< 68%, 95%, 99% C.L.

rd CC, NC FLUXES
MEASURED
INDEPENDENTLY

P, (X 10°cm™ s

II IIII fII r|1l'lf|1i

Vi |af - boe 68% C.L.
CE S sswcL The Total Flux of Active
V,C SHO o )
L E i"" ::;f:_' Neutrinos is measured
I . 1 25 é, — '135 independently (NC) and agrees
- ¢, (x 10" cm™ s7!)
Electron neutrinos well with solar model
Pcc =1.68 fgigg(stat-)fgigg (syst.) Calcul
5.82 +- 1.3 (Bahcall et al)
+0.21 +0.38 _ :
Pyc =4.94 5 (stat.) 3, (syst) < .
5.31 +- 0.6 (Turck-Chieze et al)

Bes =2.35 Lyp(stat) g5 (syst)

(In units of 10°cm s ™)

Improved accuracy
(I’C_C =0.34+ 0.023(stat. )+8 8%? = cos4 013 sin2 0y — for 0,,.

dne
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Oscillations for Solar Neutrinos

Solar Model Flux Calculations

Flux at 1 AU (cm_2 s_lMeV_l) [for lines, em™2 S_l]

— -
— = [=] [=]
[ o — —
[ox] [w ] (=] ]
AL VR IR L
§

[a—
o
T

—
o
(o]

=

= Gallium = Chlorine > SuperK, SNO
I I T I

T T 11T
]

]
I
[ W]
S =

]

[y
-1
=
II
"

P

~(Fee)

Bahcall et al. (2001)

o e
' B g _\+20%
L B—)-16%

L1

L=

V4
I+
ot
(=
@Q
IIIIIIII 111l IIIIIII| III|||.|]] IIIIIIIJ 1111 IIIIIIIJ ||||u_|u

I |
|
= | ,,!L'h +?
E : t,p..—_
|
E ! ! |_..4-"1’"|—|,|'—r | 4 Lol |§
1 0.2 0.5 1 2 5 10 20
Neutrino energy (MeV)

Matter Interaction Effect:LMA

Current Data for v,

Survival

Pive—ve)

0.8 |

0.6

]

SAGE
GNO
T LMA
Chlorine
‘Be pep

10! 10"

PP E, [MeV]




Salt Results

— 20 .
5 f@ _
S - Global solar neutrino
R | analysis (a)

10+ —

: ﬁ Global analysis

i - including Kamland data
P — (766 ty data, b)
= C(b) —s%cL 1
g s —oswcL E contains Cl, Sage, Gallex/GNO
“j I e and SK-1 zenith data

s - B flix free in fit, hep flix fi xed

sE E t0 9.3 x 103 ecm~1s™!
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Borexino - 2008

s 8" PMT — 2212

s Scintillator — 278.3 ton

s Energy region — (250 — 800) KeV

m SSM (osc.) — (49x4) counts/day 100ton
without osc. — (75+4) counts/day 100ton

Exp. — (49  3) cpd/100 tons



‘Borexino is located under the Gran Sasso mountain which provides a shield

against cosmic rays (4000 m water equivalent);

Core of the detector: 278 tons of liquid
scintillator contained in a nylon vessel
of 4.25 m radius (PC+PPO);

Borexino Design

[~ Z200E Tham EMI PMT;

Mo vaia
200 aubwarnd
A poirfing Fid
7 | N ” 100 e
‘xl. 3 IducElwoly
2214 photomultipliers pointing towards

-:1‘21;,‘::
the center to view the light emitted by s A
the scintillator (1843 with opt. concentr.) N NS,

Salness Steel
Schens 13 7m & >

1st shield: 890 tons of ultra-pure buffer

liquid (PC+quencher) contained in a
stainless steel sphere of 6.75 m radius;

External nylon vessel; it is a barrier
against Rn emitted by PMT and s.steel

S

200 PMTs mounted on the SSS pointing outwards to detect light emitted in the
water by muons crossing the detector;



7 . -
Be: 49 %3, 4, cpd/100 tons Borexino results
" red 8B solar neutrino flux
Xpecte First real-time measurement down to 2.8 MeV:
rated/l 00 Rate_, ., =(0.26 £ 0.0 %0.0245) counts/day/100 tons
(cp v Above 5 MeV in agreement with SNO and SuperK:
No oscillation 75 +4 Rate. sy, =(0.14 £0.03stat +0.01sys) counts/day/100 tons
BPSO7(G898) 48 + 4 . 3‘I.E_nnsergy spectrum after statistical EDETIBS,_:,L:;?;;;E“
3
HighZ R BSO7(GS98
g ¥ + MS::.N-LML
After Borexino 8 r
Solar Neutrino Survival Probability 2oL
< oaf ST e vecsreeton is
°-5§_ T S T S e e R S T T R T
- - Enerqgy [MeV]
. E_ ,,,,,,,,,,,,,,,,,,, E ;,:,::L:‘,‘l,_,‘: 88 solar neutrino flux measurements via elastic scattering
0.3 L eemmTTTTTT I 1 l 1.0
= P gp=(5.9410.60)=10% cm s
0.3 'Kar:nézkaande SK-NI SND E-n:lre:-:inc-_.
= , 2008 ph-11 2008
Under the assuptions of High-Z SSM the _E_ﬁ 0.6 | 2003 ohi 2005 SNO 1
2007
measurement corresponds to — - I _ 2008 l 1
% 04} . s - { - . 1
P..=0.56 £0.1 (Is) at E=862 keV = B
0.2 .
which is consistent with the number derivs:d from . o eemilator I
the global fit to all solar and reactor experiments 0.0




Solar neutrino survival probability

Vacuum regime

Miami 2008 — Fort Lauderdale — 16-21 Dec. 2008

Matter regime

Low energy neutrinos:
flavor change dominated
by vacuum oscillations;

High energy neutrinos:
Resonant oscillations in matter
(MSW effect):

Effective electron neutrino mass
is increased due to the charge
current interactions

with electrons of the Sun

Transition region:
Decrease of the v, survival
probability (P..)

Solar Neutrino Survival Probability
- e MSW-LMA Prediction
G.B_— ——————— MSW-LMA-NSI Prediction
- MaVal Prediction
[ . SHO Data
L S — . Ga/Cl Data Before Borexino
= Barger =t al.,
0.6/ — PRL 05, 211802 (2005)
s | TR
o — N ~ -
0.5 . p
0.4 Y o xt
0.3 Sl aemmmTTTTT i
— “‘\.\ Friedland et al..
[ L FLE 594, 347 gznnlatu
0'2 1 1 1 1 1 11 1 1 1 1 1 1 1
Before Borexino 1 E. [MeV] 10

D. D’Angelo — Borexino coll.
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Comparison of gallium result
to predictions standard of solar model

R=Z, ¢°(P*) (o})

i - (pp, 'Be, pep, °N, °0, 'F, ®B, and hep)



HUHA d) mry,

Capture rates R. for Ga experiment

R, = ¢Y < Pf® >< 0; >

With G598 composition (high metallicity) With AGS05 composition  (low metallicity)

Spect. Cap. rate Percent uncertainty in rate due to Totalunc.  Cap. rate Percent uncertainty in rate due to Total unc.
comp. (SNU) b - Am2 2 f13 inrate (%)  (SNU) ) o é.m%g b2 013 in rate (%)
pp 3927 +08-08 +24-23 +00- 0 0 +30-27 +00-37 +39.-5.1 3973 +08,-08 +24-23 +00,-00 +3.0-27 +00-37 +39-5.1
pep 143 +13-13 +170-24 +02-03 +24-20 +00-35 +17.2-49 148 +1.3-13 +170-24 +02-03 +24-20 +0.0-35 +17.2-49
Be 1875 +5.0-50 +7.0-23 +0.1-01 +28-24 +00-36 +9.1.-70 1679 +50-50 +7.0-23 +0.1,-0.1 +28-24 +0.0-3.6 +9.1-7.0
BN 091 +20.0-150 +98-23 +0.1-0.1 +28-24 +00-36 +224.-158 0.60  +20.0,-150 +9.8,-23 +0.1,-0.1 +28-24 +0.0-3.6 +224-158
50 126 +23.0-160 +129,-23 +0.2-0.2 +2.6-22 +00-35 +265,-16.7 078  +23.0,-160 +129-23 +02,-02 +2.6-22 +0.0-35 +26.5.-16.7
g 0.03 4250250 +129-23 +02-02 +2.6-22 +00-35 +283,-254 0.02  +25.0,-250 +129-23 +0.2-02 +2.6-22 +0.0-35 +283-254

*B 491 +10.1-10.1 +31.8,-144 +04,-04 +55-54 +00-34 +338,-18.7 ?90 +H10.1-10.1 +31.8-144 +04.-04 +55-54 +0.0-34 +338-187
hep 002 +154.-154 +327-154 +02-02 +63-6.1 +00-35 +362229 002  +154,-154 +327.-154 +0.2.-02 +63-6.1 +0.0-35 +367229

3
Tolnlg 668 ) +17-17 +34-18 +0.1-0.1 +20.-18 +00,-24 (4+43.-3. 2( 6'%'%”)+]6 L6 +3.1-18 +00-00 +20-18 +0‘0,—2‘5Q-4,I,—3‘9‘!

SAGE + GALLEX/GNO — 66.1 £3.1 SNU
Excellent agreement



THE pp NEUTRINO FLUX

[pp+'Be+CNO+pep+3B|Ga] = 66.1 £ 3.1 SNU
from 289 solar neutrino extractions in the SAGE and GALLEX/GNO experiments

[’Be|Borexino] = (5.18 * 0.51) x10° v /(cm?s) — ["Be|Ga] =19.1 23 , | SNU
[BB]SNO] = (1.67 % 0.08) X10° v /(cm?s) — [*B|Ga] = 3.6 "2, . SNU
[Pp+CNO+pep|Ga] =433 38, SNU

['Be+CNO-+pep+3B|CI] = 2.56 % 0.23 SNU
[’Be|Cl] = 0.67 £ 0.07 SNU [®B|C]] =1.73 £ 0.12 SNU —
[CNO+pep|Cl] = 0.16 ™26 | SNU
[CNO+pep|Ga] = 3.44*34 , , SNU
[pp|Ga] = [pp+CNO+pep|Ga] - [CNO+pep|Ga] =39.9 £5.2 SNU —

the measured electron neutrino pp flux at Earth of (3.40 44 o) x 101%(cm? )
(3.40 044 | ) x 101%(cm? s) x((F*)=05¢(1* 0338 )) = (6.1 % 0.85) x 101%/(cm? s) —
pp flux produced in the Sun

pp flux from the two recent SSM:  (5.97%0.05)% 101%(cm? s) (GS98)
(6.04%0.05 x 101%/(cm? s) (AGS05)
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E (MeV)

12

1.0

08

0.4

02

51CI'

746 keV

(90%)

B=0.010

426 keV
(10%)
I B<0.05

_V N. Gav"rllJr;m

3/2- 500 keV

(3,6%)

(1,4%)

172- 9.S.

Qpc = 229 keV

51Cr (27 7 days)

427 KeV v (9,0%)
432KeV v (0,9%)

747 KeV v (81,6%)

752 KeV V (8,5%)
320 KeV y

51V V. Kuzmin, 1965

STAr (35.04 d)

813 keV v (9,8%)
811 keV Vv (90,2%)

71Ge

W. Haxton, 1988

37C|



51 @EJ

Gallium chloride solution Gallium metal
(GALLEX) (SAGE)
(1) (2)
mg, (tons) 30.4 30.4 13.1 Weighted
M ¢ target (K9) 35,5 35,5 0,513 average
enrichment (% °°Cr) 38,6 38,6 92,4

source specific
activity (KCi/g) 0,048 0,052 1,01 0.93+0.07

source activity
(MCi) 1,71 1,87 0,52

expected rate 11,7 12,7 14,0

R = Ppheasured/Ppredicted—1:0£0.12  0.84+0.12 0.95+0.12
R 0.93%0.08 (pLB.1993)

combined

*Cr (27.7 days)

427 keV v (9.0%)
432 keV v (0.9%)

747 keV Vv (81.6%)
752 keV Vv (8.5%)
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PEAKTOP = ITA . .
- . r production cross-section
BH-600 —r P

Cad40(n,alfa)Ar37

0.025

Cross section,mk

50 T ¢ Barnes75

— 1 :
fﬁﬁ*j 4 0.005
L
|

Knellw olf 66

o R ey L, A, L
— m  Guoyou93 A Zhang2000 e : R et
= & Qam79 A Bormann79 e B i Il Wt i
0 +— e Bartle77 o Bartle81 IR . 1 0.000
JENDL-3.2 ENDF/B-6
1.E-02 FOND.2.4 ADL3 1.E+00 1.E+01
— RAUWX Energy, MeV

The total fast flux at this reactor is 2.3 - 1015
neutrons/(cm?2 - s), of which 1,7 - 10"
neutrons/(cm? - s) have energy above the 2 MeV

threshold of the production reaction 4°Ca (n, q)
STAr.
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CaO
tablets

Irradiation Device

00S€

- low enrichment zone
- side hlanket

steel assemblies
- Ca0 assemblies

17.3 kg of CaO (12.36 kg Ca), were placed
in the blanket zone of the reactor.

assemblies, each of
Irradiation began on 31 October 2003 and continued until 12 April 2004, the

which contained
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After a cooling period of a week, the

assemblies were removed from the reactor and moved to a hot cell of BNPP
where ampoules with irradiated target were taken out from assemblies and

moved to extraction facility of the Institute of Nuclear Materials

normal reactor operating cycle.

where each

ampoule was cut open in a vacuum system and the CaO dissolved in nitric

acid.



37Ar was extracted from acid solution by a He purge
and then stored on charcoal at LN2 temperature.
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When the extractions from all the assemblies had been completed, the 3’Ar was
purified by flowing over zeolite at room temperature, followed by two Ti absorbers,
operating at 400-450°C and 900-950°C. The purified 3’Ar, whose volume was ~ 2.5 |,
was then adsorbed on another charcoal trap and measurements of gas volume and
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As the last steps of source fabrication, the
purified Ar was transferred to a pre-weighed
source holder, which consisted of a stainless
steel vessel with a volume of ~180 ml. Inside
this vessel was 40 g of activated charcoal onto
which the purified 3’Ar was cryopumped. When
essentially all the 37’Ar had been adsorbed, the
vessel was closed by compressing three
separate knife-edge seals, two onto copper
gaskets and one onto a lead gasket. The source
holder was then weighed to determine the
amount of 3’Ar contained within. To complete
the source, the source holder was placed within
two concentric stainless steel vessels with a Pb
shield between them. These two vessels were
welded shut and the heat output of the finished
source was measured with a calorimeter. These
procedures were completed on 29 April and the
source was immediately flown by chartered

plane to the Mineral Water airport, close to the
avnarimental facilitv at the Rakean Nerilitrino

140,0 mm
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SICr STAr

Gallium chloride solution Gallium metal (SAGE)
(GALLEX)
(1) (2)
mg, (tons) 30.4 30.4 13.1 13.1
M ¢ target (K9) 35,5 35,5 0,513 330
enrichment (% °°Cr) 38,6 38,6 92,4 96,94% 4°Ca (natural Ca)
source specific
activity (KCi/g) 0,048 0,052 1,01 92,7
source activity
(MCi) 1,71 1,87 0,52 0,41
expected rate 11,7 12,7 14 0 13,9
R = Preasured/Ppredict$e0-99+0.11 0.81+0.11  0.95+0.12 0.79+0.10
Rcombined 0.88+0.08 0.86%0.08
(F. Kaether, Ph. D. thesis,2007) 37
Ar (354 days)
51Cr (27.7 days) Chromium rods
427 keV v (9.0%)
432 keV v (0.9%)

813 keV'v (9.8%)
811 keV'v (90.2%)

140,0 mm

747 keV Vv (81.6%)
752 keV Vv (8.5%)




0.93%0.05

Be3 Bknaga HNKHUX YPOBHEN

GALLEX
71As 3KCnepuMeHT! Weighted
average

Bkniovana Bknag HUKHUX ypOBHeﬁ/ 0.8710.05

0.95+0.11 0.81+0.11 0.95+0.12 0.79+0.10

R= pmeasuredl ppredicted
Ryt 0.88+0.08 0.860.08
¥ Ar (354 days)
*'Cr (27.7 days) vetne brpn A Chromium rods

=

\-" e
. Y R

427 keV v (9.0%)
432 keV v (0.9%)

813keV'v (9.8%)
811 keV v (90.2%)

140,0 mm

747 keV Vv (81.6%) 7
752 keV v (8.5%) Conper
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10+ "Be L.14
37 GALLEXCrl SAGECTr
Ar ?(2\21 510, ] T70.95+0.11 0.95£0.12
14
Eev 746 keV 10—
08 i (90“/0) 32- 500 kaV .
| ® GALLEXCr2 < SAGEAr
8=0.010 0.81+0.11 0.79+0.10
ol 0.9 4 )
426 keV - - )
[+] NN
10 /o)ko.os 175 ke 0.8 - * |
04| 14%)
172- 9.S. 1
- = 0.7 1 |
QEC =229 keV
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JKCIEePUMMEHTHI ¢ HCTOYHUKAMU Ha Ga

* CpenneB3Bemiennas Beuunna R cocmaensem 0.88 = 0.05,
0oJiee YeM HA JIBA CTAHJAAPTHBIX OTKJIOHEHUA MEHbIIIEe eANHULbI.
Eciu BKJIaJ ABYX HUKHHUX ypoBHeii 7'Ge 1mM0JI0KUTH paBHBIM (),
Toraa R = (0.93 = 0.05, 4o 10cCTATOYHO XOPOIIO COIJIACYETCH C

e IUHUILIEM.

* CoBMECTHBIH aHAJIN3 PE3YJIbTATOB ¢ HCKYCCTBEHHBIMH
UCTOYHMKAMHU HAa Ga yKa3bIBaeT HA TO, YTO NMpeacKasbiBaeMas
CKOPOCTh 3aXBaTa 3aBbIIIECHA.

* HauGoJiee BeposiTHASI THIIOTe3a — cedeHHe /151 3aXBaTa
HEeHTPHUHO HAa IBYX HU:KHHMX BO30Y:KICHHBIX ypoBHAX 71Ge 1a10T
MpeHeOpesKuMO MAJIbIA BKJIA/L.

* Ho cylecTBYIOT M aJbTepHATHBHbIE 00bLACHEHH,
OCHOBAaHHBbIC HA IEPexo1ax B CTePUJIbHbIC HCUTPUHO WU HA

KBAHTOBOM ACKOI'CPpCHIIMA B HeﬁTpHHHbIX oCIIMJIJIAIINAX.
C. Giunti and M. Laveder, Mod. Phys. Lett. A 22, 2499 (2007) [arXiv.org/abs/hep-ph/0610352].
Y. Farzan, T. Schwetz, and A. Yu Smirnov [arXiv.org/abs/0805.2098].



YT0 M3BECTHO O MONEPEYHOM CEYCHHUM 3aXBaTA
HeiiTpuHo Ha 175 k3B u 500 k3B ypoBHE 1Ge

— John Bahcall ¢ 1985 eévieen eenuuuny ceuenus, 0CHOBv18AACH HA
pesyrvmamax uzmepenuii (p, n) pacceanusn na "'Ga, 6binoaneHnvix Ha

uuxkaompone Yuueepcumema Unouanot (IUC), (Ep =120 M3B u 200
M>B)

B cuny ouenwv nnoxoeo paspeuwernus (~300%) onsa nepexooa Ha yposeHsb
175 k3B 6vb11 nony4deH TOJIbKO BepxHu npenen aist B(GT) ¢pakmopa, a 6

uzMepenusix 0sl nepexo0dos Ha yposetnsv 500 k3B nHeonpeodenennocmob
oocmuzana 50%

— Hiro Ejiri, nauunasn c 1995 zo0a uzyuan smu nepexoovt, ucnoiv3ys
peaxuuio CHe,t) 6 RCNP (Snonus, Ocaka)

PesynbTarel u3mMepenuii Ejir1’, kak ¥ 0Kuj1aeMbl€ CKOPOCTH 3aXBaTa Ha 3TH
YPOBHH, 3HAYUTEILHO OTJIIMYAIOTCS OT MOJyYeHHBbIX bakkaaom



Brussels | B V. Matveev
29-30 September, 2008 S)AGE INR RAS

Measurement of the solar neutrino capture rate with gallium metal.
Ga(v,, )"'Ge, E, =233 keV

e 168 runs for 18 year period (Jan 1990 — Dec 2007) give the result: 65.4+4'0_4.1 SNU

1 SNU =1 neutrino capture/sec in a target that contains 1036 atoms of the neutrino absorbing isotope
CCM =128 +9 / -7 SNU (without oscillations).

e There is good agreement between SSM prediction including neutrino oscillations and
SAGE result.

® The recent test of SAGE with a reactor-produced 3’Ar neutrino source shown that SSM
predicted rate may be overestimated. (Although there are alternative explanations based on

transitions to sterile neutrinos or on quantum decoherence in neutrino oscillations.)

e A new test of SAGE is planed with a reactor-produced very intense neutrino

source to shed light on this question.

e SAGE is currently the only operating solar neutrino experiment which provides the
determination of the fundamental pp neutrino flux and a continuous monitoring of the low

energy solar neutrino flux with increasing sensitivity over very long time period.



B.H.'aBpuH

i NMpoTButio, 22-25 neka6ps, 2008
N S ‘e NANPAH

bamxanmue niaanbl SAGE:

- JKCIIEPUMEHTAJIbHbIE PA0OTHI IO ONpe/Ie/IeHHIO
Gamow-Teller ¢pakTopa 1151 mepexoa0B U3 0CHOBHOI'O
cocrosinug 'Ga HA HH:KHHE BO30Y:KIeHHbIe YpoBHH '1Ge

- He3aBHCHMbIe H3MepPeHusi 00beTuHEeHHOro ¢ deKra
ITHX HepexooB Ha Ga ¢ UCIo0/I1b30BAHNEM BbICOKO-
HHTEHCUBHOIO0 (0K010 2 MKn) ucrounuka 3’Ar niam >1Cr

- IPOAOJIZKEHHE eKeMeCAYHbIX H3MEPEHUM MOTOKA
coJTHeYHBLIX HeuTpuHO HA [ THT



Running and planned experiments

250 + Mantle
E 200 o Crust
E 150 4 ® Reactor
S 100 -
N
50 -
R REIPY
f ;‘ .f ;’" joeé’ 03" L
g & &

* Several experiments, either running or under

construction or planned, have geo-v among their
goals.

* Figure shows the sensitivity to geo-neutrinos from
and together with reactor background.
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Mooepnuzauyusa BIICT
- Hoeaa snekmponuka

- Hapawiueanue muwienu 014 noevluteHUsA 6epoOAMHOCHU
peaucmpauuu c6epxXHoBoll.

ﬂOJlZOCpO‘lele njiaHsl:

Hogbile kpynnomacuimaonvle CUUHMUNNAYUOHHBIE OeMEKNOopbl
I'eo u CH anmuneiumpuno

~ 5 km, 3nepeusa v 1-50 MsB.
Coaneunvie u CH neiumpuno

~ 1 km, 3nepzus v 0.5+-20 MsB.
Pacnao npomona u ammocghepnvie neiimpuno

~ 100 km, 3nepeus v >50 I3B.



ve scattering
exp. (ve ta(v, +

\2)

2 Stage of R&D

experiment reaction detector

LENS ve “In—'"Sn,e,y |60 tons In-loaded scintillater
(pp; Be)

MOON ve ""Mo—e ' "Tc(p) |3-3 ton 100Mo foil +plastic
scintillator (pp,7B e)

Lithium v, Li—e Be Radiochemical, 10 ton lithium

CLEAN ve—ve 10 ton Liquid Ne (pp,7B e)

XMASS ve—ve 10 ton Liquid Xe (pp,7B e)

HERON ve—ve 10 ton super-fluid He (pp,7B e)

TPC type ve—ve Tracking electron in gas
target (pp,7B e)

SNO ve—ve 1000 ton Liquid scintillater
(pep,7Be,CNO)

LENA ve—ve 50,000 ton Liquid scintillater

Ne (pp, Be,CNO,’B)




Jladopatopus Hu3zkoponoBbix ucciaeaosanui bHO USAU PAH

HpOBO,Z[ﬂTCﬂ psaa SKCIICPUMCHTOB € OCJIBIO ITOMCKA OYCHb PCAKHUX AJNCPHBIX PACIIAIOB H

AJIEKTPO-CIA0BIX MPOIECCOB:
Pe3yabTarthi:

[Tonyuen npenen T > 2x10%3 et as paciana 3JI€KTPOHA €

UCITyCKaHHUEM TpeX U 00jiee HEUTPUHO, KOTOPBI SBJIsIETCS
JIEKTPUIECKOI'0 3apsifia, PEKOPAHBIM 10 HACTOMAIIEr0 BPeMEHH.

- IIpoBepka MocTOSIHCTBA MHTEHCHMBHOCTH y

7 HaunGomp1mii mporpecc ObLI JOCTUTHYT B 9KCIICPUMEHTE 110
KOCMHYE€CKUX JIy4€H B IPOLILIOM; IOKMCKY O€3HEHTPUHHOrO IBOMHOrO Oera-pacnana '°Ge, IGEX
- ITouck CBEPXIJIOTHBIX siAEpP; (Poccus - CIIA - Ucnanus ). Ha HPGe-76 nerekrope maccoi

-Tonck JBOIiHOTO GeTa-paciaia pa3 IMYHBIX L KT OBLJT JOCTUTHYT PEKOPAHO HU3KHH ypoBeHb (hona (0,04

; oTcueTa/KIBXroaxkr B 00J1acTi 05KU1a€MOTr0 MTHMKa OT
m3oronoB: '°Ge, 1Mo, PONd, *°Zr, °$Ni, 3°Te » ” a
oe3nenTpuHHOTrO pacmana (2038 k3B), 4TO MO3BOIUIO

- IIpoBepka 3aKkoHA COXpaHEHUS

n 0Xe IIOJIY4YUTh OrPAaHUYCHUE HA MACCy MalOPaHOBCKOIO HEUTPUHO
C MCIOJIb30BAaHUEM PA3JIMIHBIX METOOB nopsiaka 1 3B ToapKO HAa OTHOM JIETEKTOPE 3a BPEMS OKOJIO
JIeTCKTUPOBAHUS: lIoIyroaa.
HOJIYIIPOBOAHUKOBBIX I'CpPMAaHUEBBIX PexopaHo HU3KUI IHEPreTHYECKUH MOPOr PerucTpauuu
NIETEKTOPOB OOJNBIIOro 00HEMA; 1,5 k3B Obw1 nocturnyt ans ognoro u3 1xkr HPGe nerekropos,

YTO B COYECTAHUH C YABTPAHU3KUM (DOHOM JAET BO3MOXKHOCTh
3HAYUTENLHO PACIIUPUTE TPAHUIBI 3AMIPELIEHHBIX 00IacTel
CHUHTHIIATOPOB, JUTS MacC ¥ CEUYEHUM B3aMMOICMCTBUS YaCTHII - KAHAUIATOB HA
VOHU3AIMOHHBIX KaMep BBICOKOTO JIABJICHUS; poitb CKPBITON MacChl

QONBIIUX MPONOPIHUOHATLHBIX CYCTIHKOB B 6era-crekrpe sapa “C ¢ moMoIbI0 6ECCTEHHOYHOTO

BBICOKOT'O JIaBJICHUS. IPOIMOPIIMOHAIBHOTO CYETYMKA BHICOKOTO JaBJICHUS MTPOBEICH
- IloucK YACTHII - KAHAMIATOB HA NOUCK ITpuMecH "Tspkentoro” v ¢ maccou 17 kaB. Ha ocHoBe
cpaBHeHUs (POPMEI U3MEPEHHOTO P - cnekrpa “C ¢ pacueTHoiA
dbopmoii B - ciekTpa 11 pa3perieHHbIX IEPEX0I0B ObLT
YCTAHOBJICH OHMH M3 JIyYIINX NpeAeoB Ha npuMech 17 k3B
v: sin2 0 <0,0022 (90% y.n.)

MHOTOACTCKTOPHBIX CUCTCM HA OCHOBC

TEeMHYI0 Mmaccy BceeHHoi.



OCHOBHDBIE PE3YJIBTATBI DKCHHEPUMEHTOB BAKCAHCKOIO TEJIECKOI14
F:‘k
.:m EJZ. 73 - 10" eV npu sin” 26y =1

. sin® 20,2028 npuAm*2 3.2 - 107 V*
= H3mepeu ROMOK MIOOHOG6, po.)fcdeHHblx HeumpuHo KOCMUu4eCKux v.=>u
£

JIyueil, u NOAYy4YeHbl 02PAHUYEHUA HA NAPAMEMPbl Am*£3.1- 107 eV* npu sin® 20,=1
ocuunARui HeMpUno; sin® 26 <0.08 npu;_lmﬂ;g_. 63_- 107 eV?,
T,z (245 + 27520 em s 'sp

- Ilonyueno ocpanuuenus Ha NOMOK HEUMPUHO 6bICOKUX IHEPZULL OM JIOKAJIbHBIX UCHOYHUKOGE,
HOMOK MI00H06 om neumpuno, uz nnockocmu anakmuxku: Fv <4 * 107 cm™? s'lsr'.

- ITonyueno naunyuwee ¢ mupe ozpanuuenue Ha nomok meonennvix(2 * 104 <v/e< 10-)

MANCENBIX MAZHUNHBLX MOHONOEIL: P<55*107' cm? slsr .

- Uzmepena amnaumyoa (12,3 + 2) * 10 u ¢paza (1,6 + 0,8) nepeoit 2zapmonuxu anuzomponuu 6
36€30HOM 8PEMEHU.

- llonyuenwl credyrwuiue o2panuieHus Ha YAcmomy HeumpPUHHbBIX 6CNIECKO8 OM 2PACUMAUUOHH 020
Kxonnanca 36e30 6 I'anakmuke f u cpeonuii unmepean mexcoy ecnviuikamu ceepxrosvix T (na 90%
0.y.): [<0.177 200", T > 5.65 n1em ;

- Hccneoosanace cmadunibHocms nPOMOHA 8 A0PAX GeUiECHBA; NOTIYYEHHOe 02PDAHUYEHUE HA 8peMs
scusnu npomona: -T > 0,9 * 103" nem.

o- U3mepen nomok 8blCOKOIHEPZUYHBIX HEUMPOHO8, 2EHEPUPYEMDBLIL MIOOHAMU 8 CKAIbHOM 2PYHMeE:

e Pn<(3.8+0.5) *10°% m? s.

o- Pazpaboman u peanuzosan @ IKCnepumenme memoo pazoeleHus a0poOHHLIX U IJ1eKMPOMACHUMHBIX
KAcKaooe, 0CHOGAHHBLI HA PE2UCMPAYUUU TT-U-E-PACRAO08, CONPOBOHCOAIOULUX KACKAO.

o- HU3mepeno nonnoe ceuenue adpoHHo20 homonoznowenusn 00 Inepzuii pomonos 10 TrB;
noJIyYeHHble Pe3yabmampl CO2ACYIONCA ¢ NPEOCKA3ZAHUAMU HEOUA2OHAIbHOU 0000UieHHO Mooenu
8EKMOPHOU 0OMUHAHHMIHOCHU.

o- /lannvie no usmepenuio Xumuiecko2o coOCmaed nepeudnblx Kocmuueckux ayuei ¢ snepzuamu 1072 -
106 3B xopowo coznacyromes ¢ pesyromamamu npamvix usmepenuii npu 6onee nuskux (102 >B)
IHEPIUAX.
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1930 'W. Pauli proposed the existence of a neutral particle of low mass as “a desperate way out”.
1934 E. Fermi renamed Pauli's particle as the "neutrino'" and had incorporated the particle into a

theory of p-decay.

Bethe + Peierls calculate cross-section — 104 em? @ MeV

Pauli: “I have invented something that cannot be detected”

(It is obviously that he has underestimated ingenuities of the experimenters.)
1946 Pontecorvo shows that “observation of neutrinos in not out of question” and suggests for detection neutrino to
use “inverse beta process” : v+(A,Z) > e +HA,Z+1)
He suggested as the sources of v the Sun and reactor or material from it. (“The neutrinos emitted by the sun, however,
are not very energetic”).

Among the targets, considers 3’Cl as the most promising: *'Cl + v — 37Ar + e
Pontecorvo suggests to use the new high-gain, miniature, low background proportional counter.

These two his ideas are the basis of all radiochemical experiments.
Exactly those two ideas will be implemented by Davis.

1949 L. Alvarez considered CI-Ar method of detecting v in details and proposed an extended experiment of
detecting the theoretically expected cross section for v of 2 x 1045 cm?/atom.

1956 F. Reines and C. Cowen detect v from Savannah River reactor p(v,e*)n

1960°’s Ray Davis builds Chlorine detector to measure the rate of reaction 3’Cl(v,e’)*’Ar

John Bahcall generates SSM & v flux predictions “...to see into the interior of a star and thus verify directly
the hypothesis of nuclear energy generation in stars...”

1965 V. Kuzmin proposed to use the reaction "'Ga(v,e’)’'Ge for solar v detector and artificial >'Cr neutrino source
for it’s calibration.

At that time main attention was concentrated on building of Davis’ Chlorine experiment in Homestake mine. The Ga
experiment was not practical - the world production of Ga was about 100 kg per year.
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Aa Sxample

The object of this note is to show that the
experimental observation of an inverse process
produced by neutrinos is not out of the question with
the modern experimental facilities, and to suggest a
method which might make an experimental
observation feasible. ”

“  The neutrino flux from the sun is of the order of
10"%cm-2sec'. The neutrinos emitted by the sun,
however, are not very energetic. The use of high
iIntensity piles permits two possible strong neutrino
sources.”
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H3BjaeyeHne repMaHus M3 METANJIHYECKOT0 Irajlaus
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MeTtoa oCHOBaH Ha U30MpaTEIbHOM OKMCJIEHUH FepMaHus B METALIMYECKOM TaJlJIuH C
MOMOIIBIO MOJIKUCIEHHOTO PacTBOpa MEPEKUCH BOJIOpOaa

Haurarens Meirama B cocraB ITHT BxoasaT gecsiTh XMMHYECKHX PEAKTOPOB,
COeIMHEHHBIX MeKIY c000i 00orpeBaeMbIM (PTOPONJIACTOBBIM
TPYOOIPOBOAOM ¢ PTOPOIJIACTOBHIM HACOCOM

e,

o ¥ posenn Ga
o |~
DTOPONIACTORAS
— EMEOCT
Meumca | Harpesarem:

Pa3zpaborana Me;[oamca,

D¢ (DEeKTUBHOCTH U3BJICUCHUSI FTE€PMaHUs
3aBUCHUT OT OOJIBIIIOTO YHCIIa TapaMETPOB.

@ Pocr Temrieparypbl peakiiui YMEHbIIIAET
3(EKTUBHOCTH MPOoIecca, PEaKIu0 HAYNHAIOT
npoBoauTh mpu Temmeparype 30.0 — 30.5°C .

& DddexTuBHOCTH MpoIIECCA PACTET C
YBEJIIMYCHUEM KOJNYECTBA JO00ABIISIEMOIO
OKUCJIUTEIS.

@ C yBenuueHHneM KOJUYecTBa 100aBIIsIeMOM
NEPEKUCH BOAOPO/Ia YBEIMIUBACTCS
KOJIMYECTBO PACTBOPSEMOTO TaJlIus.

0TOpAasi MO3BOJISIET U3BJIEKATH 0K0J10 95% repmanus,

pacTBoOpsisi npu 3T1oM Bcero Juinb 0.1% rasnus.
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Ilpoueaypsl U3BJIeYEHUS

> MH3Bjeuenue IrepMaHuda U3 MCTAJVIMYCCKOI'O raJiJyind B BOJIHI)Iﬁ pacTBop 1o
PCaAKIINN OKHUCJICHUS.

» KoHueHTpupoBaHue BOJHOI0 pacTBoOpa:
a) YnapuBaHue 1oJ BaKkyyMmoMm, 00beM pacTBopa yMeHbIIaeTcsi B 8 pas.

0) OTayBKa repMaHusi B BUjJe TeTPAXJOpUaA.

B) YJ/IaBJIMBaHHE TETPAXJIOPHUAA 1€HOHU30BAHHOM BOJA0I B CIIell. JIOBYLIKE.

¢) IKCTPAKIMS rePMaHKs ¢ nocjaeaywie pedxcrpakuueii B 100 M Boasbl.
»  Cunrte3 razoodpasHoro coexuHenusi — MoHorepmana (GeH4),

ero 04MCcTKa, u3MepeHue oobema,
3al0JIHeHUe NPOoNnOPUMOHAIBLHOrO0 cyeTuynKa (~20% GeH, n ~80% Xe).

Cpennssi 3¢pdeKTHBHOCTDb HU3BJIeUeHNsI TepMAaHKs U3 MeTAJUIHYECKOro rajjimsi:
mo 1997 roxa ~ T7%.
nocJjie 1997 rona ~ 95%.
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Paris, May 19-23 s ol .

an aIySi S 3%,222 SAGEI+III+IIIera}:
§ 0201 Ge
Counting time |3 o= background
=Smonths |l TRL
0" rimednys
Assumption:
background — flat time
distribution

"Ge - decays with T,,=11.43 d
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Using the oscillation framework for neutrino flavor change:

V1>: Z U,

If neutrinos have mass:

V)

For three neutrinos: ‘

Ua Vo Ug |Maki-Nakagawa-Sakata-Pontecorvo (MNSP) matrixl
Uli: U,ul U,uZ U,u3
U, U, U, (Double B decay only)
I 0 o0)(1 0 O ¢, 0 s5) (1 W8 0
-5, ¢, 0O ¢, s,|{0 1 O || O 1 0|0 e™? 0
0 0 1)I{0 -5y ¢,3/10 O ¢~ %0 —s5, 0 ¢, ) L0

I Solar,Reactor I I Atmos., Accel. I I CP Violating Phase I I Reactor, Accel I I Majorana Phases I

where c, =cos6,, and s; =sin0, | Range defined for Am,, Am,, |

For|two neutrino| oscillation in a vacuum: (valid approximation‘i?néy cases)
. 9 . 9 Am2L
P(v, > v )=sin"20sin” (127 )
KU € E




Matter Effects — the MSW effect

d|V, v, | (Mikheyev, Smirnov, Wolfenstein)
I — =H
dt

Vx Vx
o o _
~ 2 0520 +W2G,N.| “ = sin20
H = 2 2 Ez
A A
T in20 T 0520
. 4E i

The extra term arises because v, have an extra interaction
via W exchange with electrons in the Sun or Earth.

In the oscillation fogmula: SiIlz X2
Bl 20 = —=—
(w—cos26)” +sin” 260

w=—2G,N E/Am’

MSW effect can produce an energy spectrum distortion
and flavor regeneration in Earth giving a Day-night effect




CucremarnueckKue
3P PeKTHI U UX
HeoIpeaeJJeHHOCTH

3navenus 1is 3pexkTUBHOCTEHN
U3BJICYCHHUSA U CUETA MOJTYYEeHBbI
NJis ckopocTH 3axBara 65.4 SNU

Uncertainty

Origin of uncertainty in percent in SNU
Extraction efficiency
Ge carrier mass +2.1% +
Mass of extracted Ge +2.5% + 6
Residual Ge carrier +0.8% +0.5
Ga mass +0.3% +0.2
Total (extraction) +3.4% +2.2
Counting efficiency
Volume efficiency +1.0% +0.7
End losses +0.5% +0.3
Monte Carlo interpolation +0.3% +0.2
Shifts of gain —1.1% +0.7
Resolution +0.5%, -0.7% -0.3,+0.5
Rise time limits +1.0% +0.7
Lead and exposure times +0.8% +0.5
Total (counting) +1.8%,-2.1% -1.2,+14
Nonsolar neutrino production of ! Ge
Fast neutrons < =0.02
232Th < -0.04
*2Ra < =0.7
Cosmic-ray muons < -0.7
Total (nonsolar) <-1.0
Background events that mimic "' Ge
Internal >*’Rn <-02
External ***Rn 0.0
Internal ®Ge <-0.6
Total (background events) < -0.6
Energy weighting in analysis +0.1

Total

- T~
CZ.S, +2.6/
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CNO
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The relative role of the
gallium and the
chlorine experiment in
establishing the
experimental limit on
the CNO luminosity
from the Sun.

John N.Bahcall
Carlos Pena-Garay
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Cuer I'CpMaHUsA — 71. Hponopunonaﬂbmﬂe CYCTUYUKU.
Ge(e ,v)"'Ga T,,=11.43 cyr. K L M
I 88% 10.3% 1.7%
41.5% © / !
&0 -
e Oxe-3J1eKTPOHBI Oxe-3J1eKTPOHBI O2xe-3J1eKTPOHbI
I 10.367 xaB 1.2 2B 0.12 xoB
41.2% |
40 - K-nmk PeHTreH. KBaHTHI O3Ke-371eKTPOHBI
9.2 k3B / 1.2 5B
5.3%
PeHTreH. KBaHTBI O:xe-3J1eKTPOHbI
10.26 5B 0.12 o8B

L w1

. et e ! .. =

Crnektp "'Ge B IpONOpUHOHAIBLHOM CYeTYHKE.
LuKmoukn ~ mo 30%.

Pa3mepbl 1 BHyTpeHHHE 00beMbl CHETYHKA:
JJIMHA KAaToAa — S ¢M, BHYTPeHHUIl ¢ kaTtoaa — 0.4 cm,
2 BOJIb(paMoBoii aHOAHON HUTH — 10 — 12 MKMm,
rasoBblii 00bem — 0.6 — 0.7 cm?.

KamubpoBka:

SFe(5.9 k3B) n '”Cd-Se (1.4 1 11.2 xdB)

e R R S R R A B SR
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